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ABSTRACT 
Several morphometric and cellular parameters were studied in the 
rice rat (Oryzomys palustris). When fed a soft, high carbohydrate 
diet, a severe periodontal disease occurred, with significant alter-
ations in the morphometric and cellular endpoints observed. Weaned 
animals were placed on a high carbohydrate diet for periods of 6, 12 
or 18 weeks. There was a I inear, rapid loss of bone by 18 weeks, ap-
proaching a 75% loss of original bone. Vascular spaces decreased as 
the remaining connective tissue became fibrotic in character. The 
percentage of the interdental test site which was destroyed by perio-
dontal disease increased dramatically over the time of the experiment. 
The numbers of fibroblasts per mm of bone surface increased slightly 
at the 18 week period; osteoblasts were unchanged at any period. The 
numbers of osteoclast nuclei rose dramatically by 12 weeks, and these 
cell nuclei remained at increased levels at 18 weeks. Also, the num-
bers of inflammatory cells residing at the bone surface increased 
greatly by 18 weeks time. Finally, the numbers of 3H- TdR labeled 
periodontal ligament (PDL) fibroblasts increased significantly at both 
12 and 18 weeks time. These cellular changes and their relation to 
the bone loss due to periodonta"j disease are discussed. 
The effects of a diphosphonate, dichloromethylene diphosphonate 
(CI 2MDP) were also studied, using the rice rat as a model of perio-
dontal bone loss. CI 2t1DP was given in daily subcutaneous injections 
at dosages of 0 (control), 0.1, 1.0, or 10.0 mg/kg/day; these treat-
ments were continued for periods of 6, 12, or 18 weeks. The amount 
of alveolar bone was increased over age matched controls at the 1.0 
and 10.0 mg/kg/day doses at 6 weeks; at 12 and 18 ItJeeks, a 11 doses 
showed increases in bone over controls. Due to increased connective 
tissue fibrosis, the CI 2MDP treated animals had fewer vascular spaces. 
Also, the amount of destroyed tissue in the interdental test site was 
increased in animals given 10.0 mg/kg/day of C1 2MDP. The number of 
fibroblasts per mm of bone surface decreased slightly at 6 \':eeks, but 
was otherwise not different from controls, in treated animals at 12 
and 18 weeks. Numbers of osteoblasts decreased greatly at all doses, 
at both 12 and 18 weeks time. There were no significant differences 
between treated and control animals in the number of osteoclast 
nuclei per mm bone surface. Also, the numbers of inflammatory cells 
residing at the bone surface increased at all time periods in the 
10.0 mg/kg/day dose group. Finally, the proliferative activity of 
PDL fibroblasts decreased dramatically at all time periods in the 
10.0 mg/kg/day dose group. The response of the proximal tibia to 
C1 2MDP was compared to the alveolar bone response in these animals. 
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THE PROGRESS OF THE PERIODONTAL SYNDROME IN THE RICE RAT 
(Oryzomys palustris) 
INTRODUCTION 
The use of animal models in periodontal research has aided great-
ly in the elucidation of mechanisms and progression of periodontal de-
struction. The rice rat (Oryzomys palustris) has been shown to be an 
effective model for the study of periodontal disease (Gupta & Shaw 
1955, Gupta & Shaw 1956a). In early reports, the pathology of the 
periodontium was described, and it was observed that wild strains of 
the animal would contact varying degrees of a periodontal syndrome, 
first seen at weaning, and progressing with age. The lesions were simi-
lar in location and appearance to those seen in man. later, it was 
demonstrated that the periodontal lesions could be accentuated greatly 
by feeding the animals a diet which was high in sucrose (Auskaps, Gupta, 
& Shaw 1957, Shaw & Griffith 1961, Shaw 1965a, Shaw, Krumins & Gibbons 
1967). It was also found that the presence of casein in the diet in-
creased the severity of the periodontal syndrome (Shaw 1966). With a 
standard diet (Harvard 700 diet), the progress of the disease could be 
accelerated in test animals. In the course of several studies, it was 
discovered that two strains of rice rat, syndrome-prone and syndrome-
resistant, could be bred. Despite long periods of feeding the Harvard 
700 diet to syndrome-resistant animals, little or no periodontal de-
struction could be noted (Dick & Shaw 1966). 
It has been well established that the periodontal destruction in 
the rice rat could be lessened by administration of antibiotics, 
either as dietary supplements (Gupta, Auskaps & Shaw 1957, Shaw, 
Griffiths & Auskaps 1961, Shaw 1965b, Shaw and Ivimey 1973) or as 
3. 
daily oral swabbings (Leonard, Horton & Mandel 1978). This effect of 
antibiotics on periodontal lesions strongly impl ied that bacteria 
might playa major role in the development in this disease in the rice 
rat. Studies which surveyed and quantitated the bacterial flora of 
the rice rat (Macdonald, Socransky & Sawyer 1959, Socransky, Macdonald 
& Sawyer 1960) indicated that a strain of enterococcus might be the 
causative agent. Transmissibil ity of the periodontal syndrome was 
shown by using fecal paste obtained from diseased animals to infect 
animals from the syndrome-resistant strain, and producing disease in 
these resistant animals (Dick & Shaw 1966), further indicating the piv-
otal role of bacteria in the periodontal syndrome of the rice rat. 
Histopathological changes were described in the initial reports 
of periodontal disease in the rice rat (Gupta & Shaw 195Gb, Gupta & 
Shaw 1960), and later in more detail for prone and resistant animals, 
and animc:tls given antibiotics (Mulvihill et a1. 1967). As earlier 
demonstrated grossly, only the syndrome prone rats without antibiotics 
developed severe periodontal disease. 
Periodontal lesions in syndrome prone animals were largely ab-
sent up to five weeks of age, in animals fed the Harvard 700 diet 
since weaning. By seven weeks, the first lesions became evident. 
There was apical migration of the junctional epithel ium, with pocket 
formation and areas of cementum and alveolar bone resorption. By fif-
teen weeks of age, severe periodontal breakdm-m had occurred in the 
molars, with marked gingival recession and alveolar bone loss. The 
authors concluded that the periodontal syndrome in rice rats is 
4. 
similar in many aspects to the disease in man. Recently, a study of 
the progress of periodontal disease in the rice rats was performed, 
using histochemical methods for cell identification (Leonard & Swing 
1977). Early inflammatory infiltrate was composed of neutrophils and 
monocytes, and was alkaline phosphatase positive. At later times, an 
acid phosphatase positive infiltrate was observed in the epithelium and 
periodontal ligament. The authors noted an increase in osteoclast num-
bers against the bone surface in animals fed a high carbohydrate diet 
for more than 100 days. 
The purpose of this study is to quantitate several aspects of the 
progression of periodontal disease in the rice rat. The general objec-
tives of the study are to employ 1) morphometric techniques to observe 
changes in the areas of component tissues of the interdental periodon-
tium, 2) cell population counts, to detect any changes in numbers of 
cell types present at the bone surface as the disease progresses, and 
3) tritiated thymidine labeling of cells, to observe the proliferative 
activity of cells at the bone surface. It was hypothesized that 
changes in the above parameters would occur in a uniform manner as the 
disease progressed, and that these results would yield information as 
to the mechanisms of bone loss in the rice rat. 
MATERIALS AND METHODS 
Experimental Design 
This experiment utilized 29 growing rice rats (Oryzomys palustris) 
of both sexes, selected from our breeding colony as periodontal syn-
drome "prone" animals.* The animals were incorporated into the experi-
ment at weaning (21 days of age); the experimental course was staggered 
as new weanlings became available from our breeding colony. 
At weaning, the animals were housed in individual stainless steel 
wire bottomed cages (4"x5 I1x]") and given tap water and Harvard 700 diet 
(Table 1) ~ libitum. This high carbohydrate diet has produced a se-
vere periodontal breakdown in our animals. All animals were raised and 
maintained under strict environmental conditions which included a 14 
hour light, 10 hour dark cycle (light from 6:00 a.m.-8:00 p.m.), room 
temperature of 24 ± 1°C, and a controlled humidity of 35% - 45% (Shaw, 
1976) . 
Animals were given the high carbohydrate diet for periods of 6, 
12 or 18 weeks after weaning. Previous studies had shown that rice 
rats would develop a slight amount of disease by 6 weeks treatment, 
and a severe periodontal disease by 15 weeks of treatment (Mulvihill 
et al. 1967). There were at least 6 animals per time period sampled. 
All animals received a single daily subcutaneous injection of 0.9% 
*We gratefully acknowledge the gift of original rice rat breeders 
from Dr. James H. Shaw, Harvard School of Dental Medicine, Boston, 
Mass. 02115. 
TABLE 1. 





Mineral Salt Mixture 
TO 77333 (Shaw» 
Liver powder 
Vitamin fortification mix 
660 g. 
240 g. 




Supplies: Casein and Liver Powder; ICN Phar-
maceuticals, Cleveland, Ohio. Corn Oil; 
Mazola, Best Foods, Div. of CPC, Englewood 
Cliffs, N.J. Mineral Salt Mixture and Vitamin 
Fortification Mix; Teklad Test Diets, Madison, 
Wisc. 
6. 
sodium chloride solution (Bacteriostatic Saline, Abbott Laboratories, 
N. Chicago, 111.) in the amount of 1.0 ml per 100 g. body weight. 
These injected animals served as controls in a dose response study of 
a diphosphonate as a therapeutic agent. The results of that study were 
reported separately. Injections were continued for the duration of the 
treatment periods of 6, 12, or 18 weeks. All animals were weighed and 
injected daily at the same time of day (8:00--9:00 a.m.). 
At one hour prior to autopsy, at the end of the assigned treat-
ment periods, each animal was given a single subcutaneous injection of 
0.5 ~Ci per g. body weight of tritiated thymidine [methyl-3 H] (3 H- TdR , 
specific activity = 23.0 Ci/mM; New England Nuclear, Boston, Mass.). 
All 3H- TdR injections and subsequent autopsies were performed at the 
same time of day (10:00--1 I :00 a.m.) to avoid any diurnal variations. 
Histological Techniques 
All animals were sacrificed by either anesthetic overdose; 
7. 
samples taken at autopsy included the mandible and tibial metaphyses. 
The tissues were immersed immediately in warmed (37°C) neutral phosph-
phate buffered 10% formalin solution, and fixed for 24 hours at room 
temperature. The tibial metaphyses were dehydrated and defatted, while 
the ~andibular tissues were processed as described below. 
The right mandibular halves were decalcified in 14% EDTA solution 
(pH; 7.2), then carefully trimmed under a dissecting microscope in a 
mesiodistal (dental parasagittal) plane, through the roots and apical 
fora8ina of the molar teeth. These tissue blocks were embedded in mod-
ified methyl p,ethacrylate (Kimmel & Jee 1975), and sectioned in the 
mesiodistal plane. Sections of 3 ~mthickness were taken in a semi-
serial manner. so that adjacent sections were separated by at least 12 
wm of tissue space from each other. A motorized Jung Model K micro-
tome (R. Jung, Heidelburg, W. Germany) was used to section all mandibu-
lar tissues. Some sections were dipped in Kodak NTB emulsion (Eastman 
Kodak, Rochester, N.Y.), diluted 1:1 with deionized water, for auto-
radiography. These sections were exposed in 1 ight tight containers at 
-18"C for 4 \'/eeks, then developed for 3.5 minutes with Kodak D-19 at 
20cC, fixed and stained with hematoxylin and eosin. Other sections 
were prepared for histological studies by staining with hematoxyl in 
and eosin. 
Quantitative.Methods 
The area selected for study was the interdental area between the 
first and second mandibular molars, as this area was affected exten-
sively with the periodontal syndrome. In addition, histological sec-
tions of equivalent orientation in this region were easily 
8. 
reproducible. The area selected was bounded by the root surfaces of 
the first and second mandibular molars (M l and M1 ), and 1 ines drawn be-
tween the apical foramina of Ml and M2 (Figure 1). 
Area based analyses 
The area occupied by different tissues within this region was de-
termined by point counting methods (Elias, Hennig & Schwartz 1971) 
using a 100 point eyepiece reticule (American Optical, Buffalo, N.Y.) 
at a magnification of 250x. Each interdental area studied contained 
approximately 0.7-1.0 mm2 ; with a grid area of 0.16 mm2 at this magni-
fication, an average of 6 grid fields were counted per area. In total , 
4 non-adjacent sections per animal were analyzed. 
The four tissue components measured were: 1) bone, 2) soft tis-
sue, including epithelium, subjacent connective tissue and periodontal 
ligament, 3) vascular spaces, being mostly thin walled veins, and 4) 
area formerly occupied by any of the above tissues, but now missing, 
presumably destroyed by the periodontal disease process (lidestroyed 
tissue" space). Because all of the animals may not express the perio-
dontal syndrome (Hattler et al. 1977), it was necessary to establ ish 
if the disease was present in each animal. The animal was considered 
to have disease if I) observation of histologic sections revealed any 
pathological changes, and 2) if some tissue destruction had taken 
place in the interdental area at the longer sampling periods (2% de-
struction at 12 weeks, 5% destruction at 18 weeks). Thus, animals 
which were disease free at these long time periods were excluded from 
qU3ntitative analysis. 
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FIGURE 1. Diagram of interdental area studied in experiment. Dashed 
lines represent the boundaries of the test area. M ~ first mandibular 
molar, M + second mandibular molar, E = enamel, DE = dentin, CES = 
cementoenamel junction, CE = cementum, 0 = space formerly occupied by 
tissue, now destroyed, ST soft tissue, including epithelium and sub-
jacent connective tissue, V = vascular space, B = alveolar bone. 
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Cell population analyses 
The site selected for study was the bone surface of the inter-
dental alveolar bone between the first and second mandibular molars, 
as outlined in black (Figure 1). Along this surface and approximately 
20 ~m adjacent into the periodontal ligament (POL), numbers of POL fi-
broblasts, osteob1asts, osteoclast nuclei, and inflammatory cells were 
counted. 
POL fibroblasts were identified as spindle shaped cells with in-
conspicuous cytoplasm and a prominent nucleus with variable numbers of 
nucleoli. This cell type represents a morphologically similar pool of 
cells, including mature fibroblasts, as well as prol iferating cells re-
newing the cell population of the periodontal ligament (Melcher & 
Eastoe 1969). This cell was the major type at or near the bone sur-
face. Osteoblasts were identified as rounded or elliptical cells with 
basophil ic cytoplasm, and eccentrically located nucleus, and a juxta-
nuclear clear zone corresponding to a functioning Golgi apparatus. 
Osteoclasts were seen as large, usually multinucleated cells, adjacent 
to the bone surface, often in a Howship's lacuna. These cells had a 
distinctive pale or slightly eosinophilic IIfoamy" cytoplasm, with nu-
clei often irregular in shape, having a prominent nucleolus. Inflamma-
tory cells were identified as any of the cell types involved in either 
the acute or chronic inflammatory response. Possible cell types in-
cluded polymorphonuclear neutrophils (PMN1s), lymphocytes, plasma 
cells, rnonocytes and macrophages. The majority of inflammatory cells 
noted at the bone surface were PMN1s, ~:ith monocytes or macrophages 
noted on occasions. Phase microscopy was employed for the identifica-
tion of all cell types. 
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These cell populations were normalized by relating them to the 
length of the bone surface perimeter. Bone surface perimeter was de-
termined by counting the intersections of the bone surface with the 
lines of an eyepiece ocular Merz grid (Merz & Schenk 1969), at a magni-
fication of 625x. Grid lines were spaced at 0.027 mm intervals; ap-
proximately 10 grid areas were counted along the bone surface of a typ-
ical animal from the 6 week sampling time. The length of bone surface 
perimeter was determined by applying the formula: 
Perimeter x D x rr/2, 
where 1 = numbers of intersections counted, D = distance between the 
eyepiece grid 1 ines at 625x, and rr/2 is a correction factor (El ias 
et al. 1971). There were two non adjacent sections per animal analyzed 
per group. 
Proliferative activity of PDL fibroblasts 
The fraction of PDL fibroblasts which were synthesizing DNA was 
determined by observation of numbers of cells incorporating tritiated 
thymidine (3H- TdR ) as determined by autoradiographs. The labeling in-
dex (lJ) of the PDl fibroblast was defined as the number of 3H- TdR 
labeled cells divided by the total number of cells in a given area. A 
cell was considered to be labeled if there were 4 or more silver grains 
directly over the nucleus; there was no significant background in the 
autoradiographs. In addition to the Lf, the absolute numbers of la-
beled fibroblasts were normalized to the mm of bone surface perimeter. 
Statistical Methods 
All data were expressed as value ± Standard Error of the Mean 
(S.E.M.). The significance of group differences was established 
12. 
initially by analysis of variance methods (Snedecor & Cochran 1967). 
If the analysis of variance showed significant changes between groups, 
significant differences between individual groups were found using 
Duncan's test of mUltiple comparisons (Duncan 1955), with revised 
tables (Harter 1960). 
RESULTS 
Observations 
The periodontal syndrome of the rice rats progresses to severe 
levels within the time periods of the experiment. This progress will 
be described, at each time period, for the epithelium, subepithel ial 
and periodontal ligament connective tissue, and alveolar bone, within 
the area studied. 
After 6 weeks of the Harvard 700 diet, rice rats demonstrate 
signs of early periodontal disease. In this group of animals, there 
is a generalized infiltration of PMN's and lymphocytes within the epi-
thelium (Figure 2A). The epithelial attachment is often disrupted, 
and some apical proliferation of epithelium is occurring (Figure 2B). 
Moderate accumulation of plaque can be seen on tooth or epithel ial sur-
faces. At 6 ~'Jeeks, there are relatively few transeptal inflaJ71matory 
cells in the transeptal fibers or periodontal ligament, despite an of-
ten prominent epithelial infiltration (Figure 2C). The periodontal 
ligament has well arranged fiber bundles, and large vessels v/hich occu-
py much of the space between the alveolar bone and cementum (Figure 
2D) . 
The alveolar bone, at 6 weeks of high carbohydrate diet adminis-
tration, is undergoing both formation and resorption in selected areas. 
Figure 3A demonstrates the overall view of the alveolar bone, showing 
the generally smooth contours of the bone that is adjacent to the peri-
dontal ligament. The alveolar crest shows areas of active osteoblasts 
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FIGURE 2 - A-D 
Decalcified 3 ~m sections of the epithel ium and subjacent con-
nective tissue of rice rats after 6 weeks of Harvard 700 diet. (A) 
Interdental epithelium, with moderate infiltration of PMN's and lym-
phocytes within the tissue (Original magnification 125x). (B) Auto-
radiograph of epithel lal attach~ent, v/lth inflammation and early 
apical migration of the epithelium. Arrows note 3H-TdR-labeled cells, 
asterisk demonstrates the cementoenamel junction (Original magnifica-
tion, 250x). (C) Boundary between gingival epithel ium and gingival 
transeptal fibers, with several inflammatory cells at this boundary 
and a few within the subjacent connective tissue (Original magnifica-
tion,250x). (D) Periodontal ligament, with large vascular spaces, 
composed of thin walled veins (V) and an artery (A) (Original magnifi-
cation, 250x). 
15 • 
. .. ', 
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(Figure 38), or both osteoblasts and osteoclasts (Figure 3C). Osteo-
blast layers are observed in the apical portions of mesial and distal 
bone surfaces. Prominent osteoclasts within Howship's lacunae can be 
seen in areas of the mesial half of the alveolar bone. These bone 
model ing patterns are consistent with the physiological distal drift-
ing of rodent rrolar teeth (Dreyer 1967, Roberts 1975). 
At 12 weeks of treatment, further degenerative changes are noted 
within the periodontium. The epithel ium is heavily infiltrated with 
PMN's and lymphocytes, and the normal architecture of the epithelium 
is disrupted. Within the epithelium, areas of high proliferative ac-
tivity can be seen (Figure 4A), especially in the area of the perio-
dontal pocket (Figure 46). Inflammatory cells may be found within the 
transeptal fibers and periodontal ligament. Macrophages with eosino-
philic phagocytic vacuoles could be observed in this connective tissue 
(Figure 4C), or adjacent to the bone surface (Figure 4D). 
The alveolar bone surface shows a scalloped, irregular pattern, 
with a decrease in the amount of bone present (Figure SA). These scal-
loped areas often contain osteoclasts, blood vessels, and many fibro-
blasts (Figure 58), in areas formerly occupied by alveolar bone. The 
POL fibroblasts within these scalloped areas show a higher level of 
proliferative activity than adjacent periodontal I igament, as evidenced 
by numbers of 3H- TdR labeled cells (Figure 5C). The alveolar crest 
also shows a high level of proliferative activity (Figure SD). Osteo-
clasts can be observed along all bone surfaces at this point, as the 
normal modeling pattern observed at 6 weeks becomes disrupted. Many 
cement lines are present within the bone, as the normal osseous 
17. 
FIGURE 3 - A-O 
Decalcified 3 ~m sections of alveolar bone and periodontal I iga-
ments from rice rats treated for 6 weeks with Harvard 700 diet. (A) 
Low power photomicrography showing normal quantity of alveolar bone 
with smooth contours (Original magnification, 75x). {B) Alveolar 
crest and periodontal ligament with no inflammatory cells present and 
several active osteoblasts (arrows) lining the bone surface (Original 
magnification, 250x). (C) Alveolar crest demonstrating the presence 
of both osteoblasts (single arrm'Js) and an osteoclast in this region 
(Original magnification, 625x). (0) Mesial aspect of alveolar bone 
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FIGURE 4 - A-D 
Decalcified 3 ~m sections of epithelium and subjacent connective 
tissue of rice rats treated with Harvard 700 diet for 12 weeks. (A) 
Autoradiographs of diseased epithelium, sholt/ing concentration of 3H_ 
TdR-labeled epithelial cells (Original magnification, 250x). (B) 
Autoradiograph of epithelial attachment in diseased animal at 12 weeks. 
Note the presence of several 3H-TdR labeled cells (arrows) and im-
pacted hair (asterisk) within the epithel ium (Original magnification, 
l25x). (e) Transeptal fibers of diseased animal with a marked in-
flux of macrophages (arrmvs) with deeply staining phagocytic vacuoles 
(Original magnification, 500x). (D) Adjacent areas to Figure 3e, 
showing macrophage adjacent to the bone surface, with a phagocytosed 











FIGURE 5 - A-D 
Decalcified 3 ~m sections of alveolar bone and periodontal 1 iga-
ment in rice rats given Harvard 700 diet for 12 weeks. (A) Low power 
photomicrograph of alveolar bone of diseased animal at 12 weeks show-
ing highly irregular bone surfaces (Original magnification, 75x). (B) 
Irregular bone surface of diseased animal with osteoclast on inner as-
pect of scalloped area (arrow) and replacement of bone with periodon-
tal ligament (Original magnification, 250x). (C) Autoradiography of 
deeply scalloped bone surface showing 3H-TdR PDL fibroblasts (arrows) 
adjacent to the bone surface (Original magnification, 250x). (D) 
Autoradiograph of alveolar crest showing several 3H-TdR labeled cells 
adjacent to the bone surface (Original magnification, 250x). 
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structure becomes less organized after repeated episodes of resorp-
tion and formation. 
By 18 weeks of high carbohydrate diet, periodontal disease in 
the rice rats progresses to severe levels. Figure 6A demonstrates the 
small amounts of alveolar bone remaining in the interdental area. As 
tissue destruction continues, the epithelial attachment and subjacent 
connective tissue often migrate close to the apex of the molar root 
(Figure 68). Some animals show almost total destruction of the peri-
odontium, with no functional support of teeth remaining (Figure 6C). 
The germinative layer of epithelium often shows degenerative change; in 
some animals the epithelium is denuded entirely, with connective tis-
sue exposed to the oral cavity (Figure 6D). Remaining connective tis-
sue is heavily infiltrated with inflammatory cells. Often, only small 
spicules of alveolar bone can be observed at 18 weeks. The bone sur-
faces of some of the spicules appear quiescent, with only PDL fibro-
blasts present (Figure 7A). Other spicules may contain some os teo-
clasts (Figure 78). Normal osseous architecture is completely absent 
in these remaining fragments of bone. 
Quantitative Results 
Area based anal 
The effects of the progress of the periodontal syndrome on area 
ba parameters are summari in Table 2. When compared to animals 
treated for 6 weeks, per cent bone in HI - M interdental area is de-2 
creased significantly by approximately 50% at 12 weeks, and 75% at 18 
weeks. The per cent vascular spaces is decreased by about 50% and 60%. 
at 12 and 18 weeks, respectively. The percentage of the test site 
24. 
FIGURE 6 - A-D 
Undecalcified 3 ~m sections of the periodontium of rice rats, 
treated with Harvard 700 diet for 18 weeks. (A) Low power photo-
micrograph of remaining alveolar bone in severely diseased rice rat 
(Original magnification 7Sx). (B) Remaining alveolar bone in rice 
rat with severe periodontal disease. Note proximity of epithel ial 
attachment (arrow) to apex of molar root (Original magnification l25x). 
(e) Severe bone loss with only a few remaining bone spicules in the 
periodontium. Note heavy plaque accumulation present (Original magni-
fication 12Sx). (0) Higher power photomicrograph of bone spicule 
seen in Figure SC with PDL fibroblasts being the cell population at 
the bone surface (Original magnification 2S0x). 
25. 
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FIGURE 7 - A-B 
Decalcified 3 ~m sections from rice rats fed Harvard Ration 700 
for 18 weeks. (A) Bone spicules remaining after severe tissue de-
struction. Note presence of osteoclast (arrow) and many fibroblasts 
at bone surface (Original magnification 125x). (B) Connective tissue 
exposed to oral cavity following destruction of epithel ium in peri-
odontal disease (Original magnification 250x). 
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± 1 • 6~~:':~,; 
33.5 
±1.0*** ±0.3*** ±2.9*** 
Values ± S.E.M. lStandard error of the mean). 
tn = Number of Samples: 4 samples per animal. 
;'dn',p > 0.001, compared to control values. 
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which has missing areas of tissue increases by 400% at 12 weeks, and 
by 1000% at 18 weeks. 
Cell population analyses. 
The summary of cell population data can be seen in Table 3. 
When compared to 6 weeks, the numbers of periodontal ligament fibro-
blasts per mm bone surface is not increased at 12 weeks' time; there 
is, however, a significant increase of 12% at 18 weeks' time. The num-
bers of osteoblasts is unchanged at any time period. The number of 05-
tcoclast nuclei per mm of bone surface is increased significantly by 
approx imate 1 y 150%, at both 12 and 18 vvceks. The nU;;lbers of i nf 1 amma-
tory cells per mm surface Increases greatly at both 12 and 18 weeks of 
time. Finally, the mm of bone surface upon which these cell popula-




EFFECT OF PROGRESS OF THE PERIODONTAL SYNDROME IN THE RICE RAT 
ON CELL POPULATIONS ADJACENT TO THE BONE SURFACE 
CELLS PER M.M BONE SURFACE 
PDL OSTEO-
PERIOD OF FIBRO- OSTEO- CLAST 
TREATMENT Tn BLASTS BLASTS NUCLEI 
6 WEEKS 24 44.92 10.99 2.80 
±O.95 ± 1.38 ±0.52 
12 WEEKS 12 42.45 7. II 6.90 
±2.17 ± I .31 ± I. I 4 ,',,'d: 
18 WEEKS 22 50.13 8.94 6.47 
±2 . 00"· ± I .35 ±0.69M "" 
Values ± S.E.M. (Standard error of the r.:ean). 
tn = Number of samples: 2 samples per animal. 
~'p < 0.05] 
**p < 0.01 Compared to control values. 
,Hd,p < 0.005 

















Changes in POL fibroblast proliferative activity are summarized 
in Table 4. The labeling index of PDL fibroblasts is increased by 
about 100% at both 12 and 18 weeks, as compared to animals treated for 
6 weeks. When expressed as the numbers of labeled cells per mm of 
bone surface, the proliferative activity increases by approximately 
100% and 150% at 12 and 18 weeks, respectively. 
TABLE 4 
EFFECT OF PROGRESS OF THE PERIODONTAL SYNDROME IN THE 





















Values ± S.E.H. (Standard error of the mean). 
tn = Number of Samples: 2 samples per animal. 
*p < 0.05 J Compared to control values. 
to':p < 0.025 
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DISCUSSION 
The most prominent effect of the progression of periodontal dis-
ease in the rice rat was a dramatic loss of bone and connective tissue 
after extended periods of high carbohydrate diet. Bone loss proceeded 
at a relatively constant rate from 6 through 18 weeks of dietary treat-
ment, with approximately 8% bone loss per week. Using gross anatomi-
cal surveys (Gupta & ShavJ 1956a) on "prone" animals, Mulvihill et al. 
(1967) have data indicating a linear rate of bone loss in their rice 
rat studies. These similarities of amounts and rates of bone loss in 
different experiments point out the reproducible nature of periodontal 
disease in the rice rat, and lend further encouragement to use of the 
rice rat in testing newer treatments to reduce periodontal destruction. 
The presence of large vascular spaces within the periodontium of 
the rice rat has been noted previously (Gupta & Shaw 1956a, Hattler et 
al. 1977). The present experiment described the change in the amounts 
of vascular space vtith time. The data reveals that areas of vascular 
space decreased with the progression of periodontal disease. Inspec-
tion of histological sections revealed that vascular spaces decreased 
as the connective tissue of the periodontium became fibrotic with in-
creasing severity of periodontal disease. Finally, the amount of tis-
sue destruction in this defined area of the periodontal ligament in-
creased dramatically over time. In this experiment, tissue destruc-
tion increased in a linear fashion, as the amount of bone in the inter-
dental area decreased. 
32. 
The study of cell populations at the bone surface revealed 
changes in numbers of fibroblasts, osteoclast nuclei, and inflammatory 
cells. The slight increase in PDL fibroblasts per mm of bone surface 
is probably due to local increases in fibroblasts within selected areas 
of alveolar bone (Figure 5B). As bone was destroyed by osteoclast ac-
tivity, a deeply scalloped channel was formed. Periodontal ligament 
with a high fibroblast density then replaced the destroyed bone. 
It is of interest to note that, although amounts of bone de-
creased greatly with age in this animal model, the numbers of osteo-
blasts remained unchanged at any time period sampled. Although many 
bone surfaces are devoid of osteoblasts at later time periods, there 
is often a high density of osteoblasts within the highly scalloped 
bone surfaces described above. These locally increased numbers of os-
teoblasts may then account for the average numbers of osteoblasts be-
ing unchanged with increasing severity of disease. 
Increases in osteoclast numbers have been documented in the pro-
gression of periodontal disease in the Syrian hamster (Saffar & Baron 
1977) and the rice rat (Leonard & Swing 1977). The study of os teo-
clasts in the hamster showed increases in cell numbers in the lingual 
periosteal surface and the alveolar (endosteal) surfaces, but not 
along the bone surfaces adjacent to the periodontal I igament. In the 
present study, osteoclasts were counted on sagittal rather than hori-
zontal sections. Also, endosteal and periodontal liga~ent surfaces 
v-Jere combined, as the separation was not consistantly possible in sag-
ittal section. In this study, osteoclast nuclei were quantitated. 
Dramatic increases in nuclei number were first observed at 12 weeks; 
these increases were maintained at 18 weeks. As the number of nuclei 
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per osteoclast did not vary at any time, changes in osteoclast nuclei 
are proportional to changes in osteoclast numbers. Initially, osteo-
clasts were found in selected areas along the mesial half of the alve-
olar bone, where the physiological modeling processes were taking 
place. As the periodontal disease progressed, osteoclasts were found 
in a more uniform distribution within the alveolar bone. 
The number of inflammatory cells per mm of bone surface also 
showed dramatic increases by 12 weeks of treatment, and sustained in-
creases at 18 weeks' time. It cannot be determined from the present 
study what, if any, direct effects these inflammatory cells have on the 
bone surface upon which they reside. It is known that Pf'lN's, which 
comprised the majority of the cells counted, have phagocytic properties 
for a variety of opsonized materials. Also, it has been found that a 
supernatant from cultured leukocytes is capable of increasing bone re-
sorption in vitro (Horton et al. 1972). This substance has been desig-
nated as osteoclast activating factor (OAF), and is suggested to stim-
ulate osteoclast activity at a local disease or injury site, independ-
ent of any generalized skeletal effect (Horton, Wezeman & Kuettner, 
1978). It has been shown recently that OAF is capable of stimulating 
existing osteoclasts into greater resorptive activity, by increasing 
the area of the cell, ruffled border zone, and clear zone (Holtrup, 
Raisz & King 1978). Thus, the PMN's at the bone surface may in part 
be an additional stlmulus for the bone destruction noted here. 
Finally, it is of interest to observe the proliferative activity 
of the PDL fibroblasts near the alveolar bone of the rice rat. The 
aillount of proliferation, whether measured by the labeling index or num-
bers of labeled cells per mm of bone surface, showed increases at 12 
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weeks, which were sustained at 18 weeks. These data are in contrast 
to the labeling index seen in normal aging rats with little or no peri-
odo~tal inflammation (Stahl. Tonna & Weiss 1969). In studies using 
aging Sprague Dawley rats, the labeling index of osteogenic cells near 
the bone surface decreased fron about 2% at 8 weeks of age to 0.3% at 
18 nonths of age. The increase in labeling in the rice rat cannot be 
contributed to an aging phenomenon, but rather a direct consequence of 
the spreading periodontal infla~mation in these animals. 
As with the fibroblast and osteoblast populations, the increases 
seen in 3H-TdR labeled cells are most prominent in the deeply scalloped 
areas of bone in periodontally diseased animals. Thus, the increase in 
proliferative activity of the POL fibroblast, a structural cell and 
multipotential cell precursor (Melcher & Eastloe 1969), is linked to 
increases in fibroblast and maintenance of the osteoblast population. 
Osteoblast numbers did not increase as fibroblast numbers did, imply-
ing that the majority of POL fibroblasts which were labeled with 3H-TdR 
were renewing the fibroblast population. It cannot be determined from 
this study whether different su~populations of the prol iferating fibro-
blast pool contributed exclusively to either osteoblasts and fibro-
blasts, or whether a common progenitor cell population provided both 
cell types. It would be of interest to determine the mechanisms by 
w~ich the fibroblast population replaces the osteoblast population at 
t~e bone surface of periodontally diseased animals. 
PART II 
THE EFFECTS OF A DIPHOSPHONATE, DISODIUM DICHLOROHETHYLENE 
DIPHOSPHONATE ON THE PERIODONTAL SYNDROME IN THE 
RICE RAT (Oryzomys palustris) 
INTRODUCTION 
The diphosphonates are compounds which are capable of inhibiting 
bone resorption (Russel & Smith 1973, Russell & Fleisch 1975). Di-
phosphonates are analogs of pyrophosphate, which is postulated to be 
an endogenous regulator of bone metabolism (Russell, Bisaz & Fleisch 
1969). Like pyrophosphate, the diphosphonate compounds are capable of 
Inhibiting both crystal growth (Francis 1969) and dissolution of hy-
droxyapatite (Fleisch, Russell & Francis 1969). The diphosphonates, 
unlike pyrophosphates. have a P-C-P bonding structure, which Is highly 
resistant to enzymatic degradation. Thus, the effects of diphospho-
nates are sustained for long periods ~ vivo. 
Two diphosphonate compounds have been studied in detail: ethane 
l-hydroxy-l, l-diphosphonate (EHOP), and dichloromethylene djphospho-
nate (C1 2MDP). Both have been shown to be effective in several experi-
mental situations, and both are promising as clinical agents to prevent 
bone loss. Of these two compounds, C1 2MOP has been shown to be more 
effective than EHOP, at equivalent doses, in a number of ~ vivo ex-
periments (Russell et a1. 1970, Schenk et a1. 1973, Miller & Jee 1977). 
C1 2MDP inhibits normal bone resorption in the metaphysis of growing 
rats, so that hard tissue mass in this region increases greatly. The 
increases in metaphyseal hard tissue mass are proportional to the dose 
of C1 ZMDP administered to the animal (t·1iJler & Jee 1977). C1 2MDP, in 
addition to being more effective than EHDP, does not inhibit mineral-
Ization c,f osteoid, as has been shown for high doses of EHOP, with 
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experimental animals (King, Francis & Michael 1971, Miller & Jee 
1975), and humans (Jowsey et al. 1971). Thus, C1ZMDP appears to be 
the more desirable of these two diphosphonates for the prevention of 
bone resorption. 
The effects of diphosphonates are largely untested in cases of 
bone loss due to periodontal disease. One recent study tested the ef-
fects of EHDP on the periodontal bone loss in hamsters fed a high car-
bohydrate diet (Schaaf, Kafrawy & Standish 1978). Using the gross ana-
tomical survey method of Keyes (Keyes & Gold 1955), there was no effect 
of EHOP on bone loss. There was, however, an increase in root ankylo-
sis in EHDP treated animals. Effects of CIZMDP on experimental peri-
odontal disease have not been reported. 
This experiment involved long term treatments of the rice rat 
(Oryzomys palustris) with graded doses of diphosphonate and a high car-
bohydrate diet which induced periodontal disease. The periodontal dis-
ease of the rice rat involves a rapid loss of bone and connective tis-
sue. The progress of this periodontal destruction has been documented 
in detail in Part I of this manuscript. The periodontal syndrome in 
the rice rat involves reproducible changes in morphological, cellular, 
and proliferative parameters, and these parameters may be used to study 
the effect of therapeutic agents on the disease process. 
The diphosphonate chosen for this study is CIZMDP, because its 
effects are untested in experimental periodontal disease, and because 
CIZMDP has more efficacy and fewer harmful effects than EHOP. The pur-
poses of this experiment are I) to assess the actions of graded doses 
of CI 2MOP upon the progress of the periodontal syndrome in the rice 
rat, and 2) to assess any CI 2MDP action on the inflammatory process and 
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associated connective loss of periodontal disease. The hypotheses 
tested are 1) that CIZMOP would retard or prevent the bone loss of 
the periodontal syndrome in the rice rat, and 2) that Cl 2MDP would 
decrease the inflammatory response associated with periodontal dis-
ease in this animal model. 
MATERIALS AND METHODS 
Experimental Design 
This experiment used 76 growing rice rats (Oryzomys palustris), 
of both sexes, which had been selected from our breeding colony, and 
bred selectively as periodontal disease prone animals. The animals 
were raised and maintained under identical conditions to those 1 isted 
in Part I of this manuscript; the animals described in Part I served 
as controls for this dose response experiment. 
The basic design of this experiment is summarized in Table 5. 
The rice rats were treated for 6, 12 or 18 weeks with the Harvard 700 
diet, and with either sal ine (control) or graded doses of disodium di-
chloromethy1ene diphosphonate (C1 2MDP)*. Animals were incorporated in-
to the experiment at weaning (21 days of age); treatment of animals be-
gan at age 22 days. Animals were entered as new weanl ings became 
available. All animals within a litter were distributed equally among 
treatment groups by random assignment, as animals were weaned. 
There were at least 2 animals per group, with each group receiv-
ing a single daily subcutaneous injection of solution, in the amount 
of 1.0 ml per 100 g. body weight. Experimental groups received either 
0.9% sodium chloride solution (Bacteriostatic Sal ine, Abbott Labora-
tories, N. Chicago, 111.) as controls, or 0.1,1.0, or 10.0 mg per kg 
per day of C1 2MDP. The C1 2MDP doses were separated by a factor of 10, 
*The C1 2MDP was a gift from Procter & Gamble, Cincinnati, Ohio. 
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TABLE 5 
SUMMARY OF EXPERIMENTAL DESIGN OF TREATMENT OF PERIODONTAL 
DISEASE IN RICE RATS WITH SIMULTANEOUS 
ADMINISTRATION OF C12MDP 
LENGTH OF DOSE OF CI2MDP (mg/kg/day) 
TIME OF 
TREATMENT 0 O. 1 1.0 10.0 
6 WEEKS n = 12 n = 4 n = 5 n = 4 
12 WEEKS n = 6 n = 4 n = 4 n = 6 
18 WEEKS n == 11 n = 8 n = 5 n == 7 
n == Numbers of animals per group. 
with the lowest dose given be1ng the theoretical lowest effective 
dose of CI2MD? action in the tibial metaphysis of rats, when given for 
30 days (Gotcher, Kimmel & Jee 1976). G1 2MDP solutions were obtained 
by dissolving the sodium salt of the compound in Bacteriostatic Sal ine 
for the 0.1 mg/kg/day dose level, and sterile water (Abbott Laborato-
ries) for the 1.0 and 10.0 mg/kg/day dose levels. The pH of all 
Gl2MDP solutions was adjusted to 7.37 by titration with 0.1 N NaOH. 
Animals were weighed and injected at the same time daily (8:00--9:00 
a.m.). The weights and general health of animals treated with GI 2 MDP 
were monitored to detect any deleterious effect of the drug during 
these longer treatment periods. 
At one hour prior to scheduled autopsy, at the end of assigned 
treatment periods, each animal was given a single subcutaneous injec-
tion of tritiated thymidine (3 H-TdR ), in identical manner as described 
in Part I of this manuscript. 
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Histological Techniques 
All tissues were processed exactly as described in Part T, with 
exceptions noted below. 
At autopsy, the tibiae were opened longitudinally into the mar-
row cavity with a razor blade, then allowed to fix in 10% formalin so-
lution for 24 hours. These bones were dehydrated and defatted with 
multiple changes of acetone and ether. Tibiae were then embedded in 
polystyrene resin (FASCa, Inc., Salt Lake City, Utah), and cut in 
longitudinal sections, at 300 ~m intervals, using a precision saw. 
Sections were compared, and an equivalent single section from each 
animal was ground and polished to a final thickness of 100 ).irn. These 
sections \'Jere microradiographed (12 kv, 30 rna) on Kodak 649-0 Spectro-
scopic plates for study of metaphyseal areas occupied by mineralized 
tissues (bone and calcified cartilage). 
Quantitative Methods 
Mandibular analysis 
The quantitative analyses of the mandible in the rice rats were 
identical to those described in Part I; therefore, the parameters stud-
ied will be listed below: 
1. Area based analyses. 
A. Per cent bone 
B. Per cent vascular spaces 
C. Per cent Iidest royed t i ssue" space 
2. Cell population analyses 
A. PDL fibroblasts per mm bone surface 
B. Osteoblasts per mm bone surface 
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C. Osteoclast nuclei per mm bone surface 
D. Inflammatory cells per mm bone surface 
E. mm of bone surface 
3. Prol iferative activity of POL fibroblasts 
A. labeling index of PDL fibroblasts 
B. Labeled POL fibroblasts per mm bone surface 
Tibial metaphyseal analysis 
In order to compare the response of the alveolar bone to Cl2 MOP 
in the rice rat to a known, reproducible response of Cl 2MDP on bone, 
the tibial metaphysis of the animals was studied. Detailed descrip-
tions of Cl2MDP action on the tibia have been publ ished recently 
(Miller & Jee 1977); this tissue shows dramatic effects to C12MDP ad-
ministered for 10 days' time. 
The microradiographs of tibial sections were studied using a 
Quantimet 700 image analyzing computer (QTM; Imanco, Division of Metals 
Research, Ltd., Cambridge, England). By the use of an image editor pen 
with the QHI, a reproducible area 5.0 mm distal to the epiphyseal 
plate, and including only the metaphyseal trabecular bone, could be 
studied (Figure 8). Using a standard threshold setting, the tibial 
microradiographs were observed at a microscope magnification of Ix. 
2 An internal program calculated the per cent metaphyseal bone (mm of 
trabecular bone/mm2 of trabecular bone + marrow in the metaphysis). 
Using this parameter, changes in bone mass were quantitated rapidly. 
Statistical Methods 
The treatment of all data was identical to methods described in 
Part I. In addition, pooled values of per cent bone and per cent 
IIdestroyed tissue" space were plotted against each other$ and appro-
priate regression lines described for each dose level of C1 2MDP. Sig-
nificance between these regression lines was tested by analysis of co-





1--+-- METAPHYS IS 
FIGURE 8. Diagrdm of lon9itudinal section of tibial 
metaphysis, showing metaphyseal area studied with the 
Quantimet 720 within heavy dashed 1 ines. 
RESULTS 
Observations 
Rice rats that are administered Cl2MDP experience no weight loss, 
dimunition of growth, or other deleterious effects during the periods 
of this experiment, in comparison to litter matched controls. 
Mandible 
As the descriptions of the progress of the periodontal syndrome 
has been reported in the accompanying manuscript, only the changes as-
sociated with Cl2MDP administration will be reported here. 
In animals with little or no periodontal disease, no differences 
can be observed between age matched controls and treated animals at any 
dose level. However, when significant tissue destruction takes place, 
obvious differences are noted between controls and animals treated with 
1.0 and 10.0 mg/kg/day of CI2MDP, but not at 0.1 mg/kg/day of drug 
(Figures 9A,B). In diseased animals treated with high doses of CI2MDP, 
trabeculae of alveolar bone are observed protruding into the oral cav-
ity or well into the oral epithelium (Figures 9C,0, lOA,S). This bone 
is devoid of typical bone cells, and instead is lined by epithelial 
cells, heavy infiltrations of PMN1s, or accumulations of bacterial 
plaque. In general, the amount of apical epithelial migration and tis-
sue destruction in the 1.0 and 10.0 mg/kg/day dose levels is greater 
than that of 1 itter matched controls. Remaining bone in treated ani-
mals often has an unusual delicate seal loped structure (Figure JOe), 
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FIGURE 9 - A-D 
Decalcified 3 ~m sections of rice rats given high carbohydrate 
diet and Cl 2MDP for 18 weeks. (A) Periodontium of control animal fed 
Harvard 700 diet for 13 weeks. (B) Animal fed Harvard 700 diet and 
given 10.0 mg/kg/day of C1 2MDP. (Both original magnifications 75x). 




FIGURE 10 - A-D 
Decalcified 3 ~m sections of alveolar bone in Cl 2MDP treated 
rice rats with severe periodontal disease. (A,B) Examples of alveolar 
bone protruding into the oral cavity or epithelium. (C) Unusual ap-
pearance of alveolar bone in C1 2MDP treated animals. Note extensive 
scalloping of the bone surface. (Original magnification, 250x). (D) 
Alveolar bone of rice rat treated with 10.0 mg/kg/day of C1 2MDP for 
18 weeks, Hand E stain. The bone has several darkly staining areas 
of woven bone upon highly scalloped surfaces of the original alveolar 
bone. (Original magnification, 125x). 
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or darkly staining woven bone formed within these highly scalloped bone 
surfaces (Figure 10D). Thus, even though there is an equal or greater 
amount of tissue destruction in animals treated with 1.0 or 10.0 
mg/kg/day of CI 2MDP, there is a greater amount of bone present in these 
animals. 
Tibial t\etaphysis 
CI 2MDP has a profound effect on the mineralized tissues of this 
rapidly grovJing area of the tibia. At 6 weeks of treatment, there is 
an increased bone mass noticeable at 1.0 and 10.0 mg/kg/day dose levels 
(Figures llA-D). At 12 and 18 weeks, there are increases at all dose 
levels, as compared to controls (Figures 12A-D, 13-A-D). This added 
bone in the higher doses is due to a dramatic increase in the extent 
of the primary spongiosa, which is composed of many small trabeculae. 
In addition, the metaphysis of rice rats treated with higher doses of 
C1 2MDP have a club shape, presumably due to abnormal ities in the peri-




1. Area Based Analyses. 
A. Per Cent Bone (Table 6). 
At six weeks time, the percentage of bone in the inter-dental 
area is increased by approximately 25~, at the 1,0 and 10.0 mg/kg/day 
dose levels. At 12 weeks of treatment, there are increases in bone of 
about 25%-50~, at all dose levels. By 13 weeks time, there are in-
creases of approximately 25% at the 0.1 mg/kg/day dose level, and 
FIGURE 11 - A-D 
Contact microradiographs of tibial metaphyses of rice rats 
treated with C1 2MDP for six weeks. A = control; B = 0.1 mg/kg/day 




FIGURE 12 - A-D 
Contact microradiographs of tibial metaphyses of rice rats 
treated with C1 2MDP for twelve weeks. A = control; B = 0.1 mg/kg/day 
of C1 2MDP; C = 1.0 mg/kg/day; D = 10.0 mg/kg/day. 

FIGURE 13 - A-D 
Contact microradiographs of tibial metaphyses of rice rats 
treated with C1 2MDP for eighteen weeks. A = control; B = 0.1 




EFFECT OF GRADED DOSES OF C1 2MDP ON THE PER CENT BONE 
OF M1-M2 INTERDENTAL AREA OF THE RICE RAT 
LENGTH OF TREATMENT PERIOD DOSE LEVEL 
(~tG /KG/DA Y) 6 WEEKS T(n) 12 WEEKS (n) 18 WEEKS (n) 







1.0 37.4 (28) ,'dd 
±1.3 
19. 1 ( 1 6) :'d,:', 
±3.7 
10.0 23.8 (24) *:';:', 
±2.6 
Values ± S.E.M. (Standard Error of the Mean). 
tn ~ Number of Samples: 4 samples per animal. 
***p > 0.005, compared to control values. 
±1.0 




( 2 8) ,',,', 1. 
increases of approximately 80% at the 1.0 and 10.0 mg/kg/day 
doses. 
B. Per Cent Vascular Space (Table 7). 
56. 
Animals treated for 12 weeks with 10.0 mg/kg/day of C1 2MDP, or 
animals treated with any dose for 18 weeks show a decrease in the vas-
cularity of the periodontium. Decreases of approximately 65% are seen 
at 12 weeks, and decreases of about 50% are seen at 18 weeks. 
C. Per Cent "Destroyed Tissue" Space (Table 8). 
At 6 weeks, there are no significant differences between treated 
and control animals. At both 12 and 18 weeks, there is a significant 
increase in tissue destruction, by 75% at 12 weeks, and 15% at 18 
weeks, in animals treated with 10.0 mg/kg/day of C1 2MDP. 
TABLE 7 
EFFECT OF GRADED DOSES OF C1 2MDP O~ THE PER CENT VASCULAR 
SPACES IN THE M1-M2 INTERDENTAL AREA OF THE RICE RAT 
LENGTH OF TREATMENT PERIOD DOSE LEVEL 
















2.6 ( 16) 
±O.6 
2.3 ( 1 6) 
±O.S 
1.1 (24) ,':;: 
±0.2 
Values ± S.E.M. (Standard Error of the Mean). 
tn = Number of Samples: 4 samples per animal. 











EFFECT OF GRADED DOSES OF C1 2MDP ON PER CENT TISSUE DESTRUCTION 
WITHIN THE M1-M2 INTERDENTAL AREA OF THE RICE RAT 
LENGTH OF TREATMENT PERIOD DOSE LEVEL 



















28.2 (24) ,'d:-I, 
±3.2 
Values ± S.E.M. (Standard Error of the Mean) 
tn = Number of Samples: 4 samples per animal 
*"'p < 0 25 1 ~~~ 0'005 Compared to control values. 










D. Per Cent Bone vs. Per Cent Destroyed Tissue Regression 
Study (Figure 14). 
59. 
Comparison of regression lines for Per Cent Bone and Per Cent 
Destroyed Tissue shows that all dose levels have a similar slope, with 
the 10.0 mg/kg/day dose level significantly separated from other dose 
regression lines. 
2. Cell Population Analyses. 
A. Fibroblasts per mm Bone Surface (Table 9). 
The number of fibroblasts at the alveolar bone surface is reduced 
by 25% in the animals treated for 6 weeks. As the periodontal syn-
drome progresses at 12 and 18 weeks, there are no significant differ-
ences between control and treated animals. 
B. Osteoblasts per mm Bone Surface (Table 10). 
At 6 weeks time, there are no significant differences between 
control and treated animals at any dose. At 12 and 18 weeks, all dose 
levels show reductions in the osteoblast popuI2~ion, approaching an 
85% reduction at the 10.0 mg/kg/day dose level. 
C. Osteoclast Nuclei per mm Bone Surface (Table 11). 
There are no significant differences between control and treated 
animals at any dose, for any time period studied. 
D. Inflammatory Cells per mm Bone Surface (Table 12). 
There are significant increases in numbers of inflammatory cells 









% BONE VS. DESTROYED TISSUE FOR ALL DOSE LEVELS 
AND TREATMENT PERIODS (6.12.ISwks) OFC~ MOP 
o to 
o 0.1 mg/kg/day of Cl2 MOP • 0 } 
• 1.0 
010.0 
*** p <0.005 for 
regression tine, as 
compared to control 
20 30 40 
% DESTROYED TISSUE -
50 
FIGURE 14. Linear regression plots of per ce~t bone 
vs. per cent destroyed tissue in the alveolar bone of 
rice rats treated with C1 2MO? All dose levels and 




EFFECT OF C1 2MDP ON NUMBERS OF FIBROBLASTS PER MM 
BONE SURFACE IN THE RICE RAT 
DOSE LEVEL 
(MG/KG/DAY) 
LENGTH OF TREATMENT PERIOD 
6 WEEKS t(n) 12 WEEKS (n) 
44.92 (24) 42.45 ( 12) 
±0.95 ±2.17 
o 
44.92 ( 8) 55.69 ( 8) 
±2.42 ±3.41 
O. 1 
41.03 ( 10) 56.96 (8) 
±1.32 ±3.36 
1.0 





Values ± S.E.M. (Standard Error of the Mean). 
tn = Number of Samples: 2 samples per animal. 
***p < 0.005, compared to control values. 
TABLE 10 
18 WEEKS (n) 
50. 13 (2Z) 
±Z.47 





41.59 ( 14) 
±5.02 
EFFECT OF C1 ZMDP ON NUMBERS OF OSTEOBLASTS PER MM 







LENGTH OF TREATMENT PERIOD 
6 WEEKS ten) 12 WEEKS (n) 18 WEEKS (n) 
10.99 (24) 
± 1.38 






7. 11 ( 12) 
± 1 .31 
3.68 (8) ;'n',,', 
±0.56 
2.28 (8) 10'0', 
:1:0.57 
9.94 (22) 
± 1 .67 





1.02 1.81 (10)*** (14)*** 
±O.32 ±O.41 
Values S.E.M. (Standard Error of the Mean) 
tn ~ Number of Samples: 2 samples per animal. 
***p < 0.005, compared to control values. 
61. 
TABLE 11 
EFFECT OF C1 2MDP ON THE NUMBER OF OSTEOCLAST NUCLEI PER MM 







LENGTH OF TREATMENT PERIOD 
6 WEEKS t(n) 12 WEEKS (n) lB WEEKS (n) 
2.Bo (24) 
±O.52 




4.23 ( 8) 
± 1 .55 
6.90 (12) 
± 1 . 14 



















Values S.E.M. (Standard Error of the Mean). 
tn = Number of Samples: 2 samples per animal. 
TABLE 12 
EFFECT OF C1 2MDP ON NUMBERS OF INFLAMMATORY CELLS PER MH 
BONE SURFACE IN THE RICE RAT 
DOSE LEVEL LENGTH OF TREATMENT PERIOD 





O. 19 (24) 
±0.11 
1.92 (8) 
± 1 • 14 
0.54 (10) 
±O.42 
3.28 ( 12) 
± 1 . 14 
3.34 (8) 
± 1. 67 
7.B5 (8) 
±2.85 





± 1 . 17 
1.25 (10) 
±o.44 
8.62 (14) ,',,', 
±2.70 
Values ± S.E.H. (Standard Error of the Mean). 
tn = Number of Samples: 2 samples per animal. 
**p < 0.025, compared to control values. 
62. 
63. 
E. Bone Surface in mm (Table 13). 
At 6 weeks, there are no differences in the amount of bone sur-
face between any groups. At 12 weeks, the 10.0 mg/kg/day dose shows a 
25% increase over controls. At 18 weeks, both the 1.0 and 10.0 
mg/kg/day dosages show significant increases of approximately 90% in 
mm of bone surface. 
3. Proliferative Activity of PDL Fibroblasts (Tables 14, 15). 
At all time periods, the 10.0 mg/kg/day dose of C1 2MDP causes a 
reduction in the labeling index of POL fibroblasts, by 94%,84%, and 
64% at 6, 12 and 18 weeks, respectively. When expressed as labeled 
PDL fibroblasts per mm of bone surface, corresponding decreases in 
proliferative activity are seen at the 10.0 mg/kg/day dose level of 
TABLE 13 
EFFECT OF C1 2MDP ON MM OF BONE SURFACE IN THE RICE RAT 
DOSE LEVEL LENGTH OF TREATMENT PERIOD 
(MG/KG/DAY) 6 '.-/EEKS t(n) 12 WEEKS (n) 18 WEEKS ( n) 
0 5. 10 (24) 4.71 (12) 2.33 (22) 
±O.23 ±O.46 ±O.30 
O. 1 4.76 (8) 4.66 (8) 2.53 ( 16) 
±0.19 ±O.53 ±0.30 
1.0 4.93 3.84 4.49 ( 10) (8) (1 0) , .... :~.: 
±O.35 ±0.59 ±0.51 
10.0 3.86 (8) 5.92 (11) ,', 4.35 (14)"dd 
±O.56 ±0.46 ±0.44 
Values ± S.E.M. (Standard Error of the Mean) . 
Tn = Number of Samples: 2 samples per animal. 
1,p < 0.05 J 
~dc~p < 0.005 Compared to control values. 
TABLE 14 
EFFECT OF C1 2MOP ON THE LABELING INDEX OF POL 
FIBROBLASTS IN THE RICE RAT 
DOSE LEVEL LENGTH OF TREATMENT PERIOD 
(MG/KG/DAY) 6 WEEKS t(n) 12 WEEKS (n) 
0 0.0165 0.0348 
±0.OO27 (24) ±O.0109 ( 12) 
0.0191 (8) 0.0129 (8) 
±O.o046 ±0.0045 
O. 1 
1.0 0.0123 (l0) 0.0256 (8) 
±0.0025 ±0.0052 
10.0 0.0010 (8) in'd, 0.0057 ( 12) * 
±O.OOIO ±0.0020 
Values ± S.E.M. (Standard error of the mean). 
tn = Number of Samples: 2 samples per animal. 
''<p < 0.05 ] 
;,;,,~p < 0.025 Compared to control values. 


















EFFECT OF C1 2MDP ON THE NUMBERS OF LABELED POL 
FIBROBLASTS PER MM IN THE RICE RAT 
LENGTH OF TREATMENT PERIOD 
LEVEL 
(MG/KG/DAY) 6 WEEKS 'I' (n) 12 HEEKS (n) 18 WEEKS (n) 
0 0.73 ( 24) 1.44 ( 12) 1. 79 (22) 
iO.11 iO.40 iO.33 
o. 1 0.83 ( 8) 0.76 (8) 0.83 ( 16) 
iO.19 iO.27 ±0.25 
1.0 0.52 (l0) 1.47 (8) 1. 26 ( 1 0) 
iO.ll iO.30 iO.33 
10.0 0.04 (8) ,,<,'d 0.26 (11) * 0.52 ( 1 4) ,',;', 
io.04 ±0.09 ±0.23 
Values ± S.E.M. (Standard Error of the Mean). 
tn = Number of Samples: 2 samples per animal. 
''<p < 0.05 ] 
,'<,':p < 0.025 Compared to control values. 
"1\";':.;'-; p < 0.005 
65. 
66. 
Tibial Metaphysis (Table 16). 
At all time periods, the 1.0 and 10.0 mg/kg/day dose levels pro-
duce a greater quantity of mineralized tissue in the tibial metaphysis. 
In addition, increases in mineralized tissue are seen at the 0.1 
mg/kg/day dose at 12 and 18 weeks time. The increases in quantity are 
85% and 170% for 1.0 and 10.0 mg/kg/day doses, at 6 weeks. At 12 
weeks, there are increases of 15% at the 0.1 mg/kg/day dose, and in-
creases of 60% and 240%, with the 1.0 and 10.0 mg/kg/day doses, re-
spectively. By 18 weeks time, there are increases of 30%, 100%, and 
270%, at the respective doses of 0.1, 1.0, and 10.0 mg/kg/day of 
C1 2MDP. 
TABLE 16 
EFFECT OF C1 2MDP IN GRADED DOSES ON THE MINERALIZED TISSUE 
OF THE TIBIAL METAPHYSIS AT 6, 12, AND 18 WEEKS 
OF TREATMENT IN THE RICE RAT 
DOSE LEVEL 
(MG/KG/DAY) 
LENGTH OF TREATMENT PERIOD 





14.41 ( 1 5) 
± 1.05 
14.21 (9) 
± 1 .31 
26.66 (7) ,',,'~,': 
±4.76 
14. 11 (14 ) 
± 1 • a 1 
16.38 (8) ,'n'd: 
± 1 .29 
22.64 (7) ,'d:,~ 
±2.66 
38.54 (10)*** 47.50 (9)*** 
±2.55 
Values ± S.E.M. (Standard Error of the Mean). 
tn = Number of Samples:. 1 sample per animal. 
"nHp < 0.001, compared to control values. 
13.32 (14) 
±0.97 
17.28 (l 0) ,~,',,': 
± 1.49 
27.29 (lO),'nH 
± 1 .67 




The main effect of Cl 2HDP in this experiment Was to increase 
the bone mass in the interdental alveolar bone. These findings were 
in agreement with several experiments where normal or pathological 
bone resorption has been inhibited or retarded by diphosphonate 
administration. The increases in bone mass seen after 6 weeks of 
treatment were probably due to inhibition of bone resorption in the 
final modeling of the alveolar bone to mature size. The increases 
seen at 12 and 18 weeks, however, were likely due to a partial in-
hibition of bone resorption secondary to severe periodontal disease. 
It is of interest to compare the effects of Cl 2MDP and fluo-
ride in preserving bone mass in experimental periodontal disease. 
There is evidence that dietary fluoride may preserve bone mass in 
golden hamsters (Costich et al. 1957), but not in Wistar Rats 
(Kristofferson, Bang & Meyer 1970). In rice rats receiving con-
comitant doses of 15 or 30 ppm of fluoride with a high carbohydrate 
diet, there were no reductions in the periodontal destruction of 
bone, as measured by gross anatomical surveys (Auskaps, Gupta & 
Shaw 1957). The authors stated that alveolar bone lesions in the 
rice rat could progress rapidly in almost complete absence of dam-
age to the epithel ium or overlying connective tissue. In our ex-
periment, however, bone destruction was retarded in spite of exten-
sive epithelial and connective tissue destruction. Finally, C1 2MDP 
treatments in our experiment did not completely inhibit bone resorp-
tion, but rather, retarded resorption so that more bone mass was 
finally present in Cl 2MDP treated animals. 
This experiment demonstrated further differences between EHDP and 
Cl 2HDP in prevention of bone loss. In a recent experiment (Schaaf, 
Kafrawy & Standish 1978), hamsters were injected with 10 mg/kg/day of 
EHDP for periods up to six months. EHDP did not inhibit alveolar bone 
resorption, but instead caused an ankylosis of molar teeth. In the 
experiment reported here, C1 2MDP did retard bone resorption, as mea-
sured with morphometric means. In addition, there was no root anky-
losis noted at any time period or Cl 2MCP dose level. Thus, CI 2MDP ap-
pears to be more effective than EHDP at prevention of alveolar bone 
loss, with few morphological alterations of periodontal tissues. 
These results are analagous to the differing effects of EHDP and 
CI2~\DP on growing rat tibiae, where Cl 2HDP is more effective than 
EHOP. EHDP also induces a morphological alteration of the epiphyseal 
plate, causing a rachitic appearance, where C1 2MDP does not alter mor-
phology (Schenk et a1. 1973, Miller & Jee 1977). 
The mechanisms responsible for the unusual bone morphology seen 
in diseased animals treated with C1 2MDP is not knovm at present. The 
persistence of highly scalloped spicules of bone imply that, while 
some bone resorption was occurring, the Cl 2MDP altered bone was unable 
to be resorbed completely. In addition, the periodontal morphology 
was altered in animals treated with 1.0 and 10.0 mg/kg/day of CI 2MDP, 
with bone protruding well into the oral cavity. The segments of alve-
olar bone adjacent to the oral cavity were contiguous with remaining 
interdental alveolar bone, and thus could not be considered as 
70. 
sequestrae. This alveolar bone appearance has been noted in cases of 
advanced periodontal disease in humans (Frank & Voegel 1978). These 
authors presented ultrastructural evidence that these bacteria were 
not artifactual and that they were capable of minor bone resorption 
along the bacteria - bone interface. 
The decreased vascularity seen in C1 2MDP treated animals may be 
due to a direct effect of diphosphonates on vascular proliferation, 
although there is no data to support or refute this hypothesis. More 
likely is the possibility that the increased connective tissue de-
struction and fibrosis of remaining tissue have resulted in a decrease 
in the vascularity within the defined test area. 
The increase in the amount of destroyed tissue within the test 
area is interesting in view of a recent study of diphosphonate effects 
in adjuvant-induced arthritis (Francis, Flora & King 1972). Rats were 
treated with Freund's Adjuvant, then daily doses of EHDP. At doses of 
4 mg/kg/day, there was a marked reduction in bone resorption and in-
flammatory response in this model. The authors speculated that re-
duced bone resorption, which reduced local tissue calcium and phos-
phate concentrations, might be indirectly responsible for the reduced 
inflammation. However, in our study of Cl 2MDP treated rice rats, 
there was an increase in tissue destruction and inflammation with 10.0 
mg/kg/day of diphosphonate. Whether the differences in inflammatory 
response are due to differences between the diphosphonates used or the 
animal models used, is not knovm. The regression plots of per cent 
bone versus per cent destroyed tissue (Figure 14) point out that, re-
gardless of the amount of tissue destruction, there was a significant-
ly greater amount of bone present in animals given 10.0 mg/kg/day of 
71. 
Cl 2 ,MOP. Thus, in the rice rat model, the decrease in bone resorption 
was not associated with a decreased inflammatory response. 
As a result of C1 2MOP treatment, there were significant changes 
in several cell populations in the rice rat. The numbers of fibro-
blasts residing near the bone surface were reduced with the 10.0 
mg/kg/day dose, at the 6 week time period only. This reduction at 
early time periods, but not at later times, can be explained by com-
paring the control rice rat response for numbers of fibroblasts. Be-
cause the numbers of fibroblasts increase with increasing severity of 
periodontal disease, this control phenomenon could be compensating the 
fibroblast reductions due to C1 2MDP. The reduction in fibroblast num-
bers is most likely due to reductions in the prol iferative activity at 
10.0 mg/kg/day of C1 2MDP. Likewise, the numbers of osteoblasts per mm 
of bone surface showed dramat I c decreases at 12 and 18 \'-Ieeks. These 
decreases were apparent at all C1 2MDP doses, indicating that osteo-
blast populations were much more sensitive to the drug than were the 
fibroblast populations. 
These decreases In osteoblast populations have been reported 
previously in the proximal tibial metaphysis with EHOP (Miller & Jee 
1975) and C1 2MOP (Miller & Jee 1977); in stimulated periodontal 1 i9 a -
ment adjacent to alveolar bone, with EHOP (Yee 1976), and in canine 
ribs (Cabenela & Jmvsey 1974) and osteoporotic human patients (Jowsey 
et a1. 1970), both treated with EHOP. The lowest doses in our study 
(0.1 mg/kg/day) shmved a depressive effect on osteoblast populations. 
This dose was lo'.ver than the 0.4 mg/kg/day C1 2MOP dose found by 
Miller and Jee, and suggests that C1 2MOP effects on cell populations 
are cumulative with extended treatment times. 
72. 
As C1 2MDP has been reported to increase the numbers of osteo-
clasts and the numbers of nuclei per osteoclast (Schenk et al. 1973, 
Miller & Jee 1977), the findings of no change in osteoclast nuclei 
numbers at any dose of diphosphonate in the rice rat is of interest. 
Reasons for the differences in these studies are not known; it is 
possible that the animal model studied accounts for the differences. 
Another explanation is that increased numbers of osteoclast nuclei 
are a transient effect of diphosphonate treatment over shorter peri-
ods of time. 
The numbers of inflammatory cells adjacent to the bone surface 
also showed increases ~lith 10.0 mg/kg/day of C1 2MDP. This increase 
in PMN's against the bone surface may be due to a direct effect of 
diphosphonate on these cells, but more likely was due to the progres-
sion of soft tissue inflammation and destruction, while the bone sur-
face remained intact. Thus, inflammatory cells were found against 
the bone surface that would normally be absent without C1 2MDP treat-
ment. 
The effects of C1 2MDP on the proliferative activity of PDL fi-
broblasts were compatible vlith C1 2MDP effects in the tibial meta-
physis (Miller & Jee 1977) and EHDP effects in the tibia (Miller & 
Jee 1975), and orthodontically stimulated alveolar bone (Yee 1976). 
The control label ing index in the rice rat is lower than either the 
tibial metaphysis or the stimulated PDL, yet sizable decreases are 
seen in all studies fo110vling diphosphonate treatment. According to 
Vee (1976), EHDP treatments reduce not only the prol iferation of POL 
fibroblasts, but also the differentiation of these cells into osteo-
blasts. Findings of decreased labeling of PDL fibroblasts and reduced 
73. 
osteoblast numbers in the rice rat are in agreement with the data for 
[HOP in the stimulated PDL. 
The proximal tibiae of the rice rats used in this study were 
analyzed for changes in bone mass, and compared to changes in alveo-
lar bone mass. Comparing the responses of each tissue to C1 2MOP, it 
became apparent that both tissues responded in like manner to doses 
of C1 2MDP, over all time periods. Differences in the two tissues in-
volved the amounts of increases in bone mass. For any given dose, 
the tibia responded to a greater degree than did the alveolar bone. 
It appears that the diphosphonate's ability to preserve bone depends 
upon how rapidly the bone is lost in the test system. Thus, in bone 
with relatively low amounts of turnover, diphosphonates can be pre-
dicted to have minimal effect. It must be pointed out that differ-
ences in response between the tibia and alveolar bone may be due in 
part to different stimuli for resorption: physiological forces in 
the tibia versus pathological factors in the alveolar bone of the rice 
rat. 
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